I. Introduction
In the Rhone valley in Switzerland marked valley winds blow which are called locally "Wal
User Talwind" or "la bise" (Bise). They occur quite regularly and blow strongly in daylight hours, especially in the afternoon, except in cases of anomalous weather and in December and Jan uary. This phenomenon is so clearly discernible that many studies have been devoted to its eluci dation since the second half of the 18th Century. Fruh (1902) was the first to write about the local wind conditions in Switzerland in relation to the plant life. An approach to the meteorolo gical explanation of the causes of this valley wind was attempted by Billwiller (1914 Billwiller ( , 1915 , who employed observations of the barometric change and other meteorological elements at several points in the valley. The wind-shaped trees are also treated in the monograph on the vegetation in Valais by Gams (1927) . Brockmann-Jerosch (1929) described the valley winds and their effects upon the plants in detail in his monograph on the vegetation of Switzerland. Fruh (1930) has also summarized the wind conditions in Valais.
In these studies it has been pointed out that the effects of the winds are most conspicuous on the form of trees: fruit-trees such as cherry, pear and certain types of apple, poplar, common pine, larch and other trees. By means of observations on these wind-shaped trees, Fruh (1902) suggest ed a distribution of prevailing wind directions in the Rhone and other valleys in Switzerland.
After the War, Bouet published studies on some climatic elements in the Rhone valley. He recently described the wind conditions by using the observed materials collected at the meteorolo gical station atSierre and Montana (Bouet, 1961) . Over a number of decades there have been many theoretical explanations for these valley winds. A critical summary of these studies, together with the description of the general features of the val ley winds, was presented by Defant (1951 (1) At which point throughout the length of the valley are the up-valley winds the strongest?
(2) Do they bear any relation to micro-or local topography of the valley? The observations were carried out by using the wind-shaped trees as indicators of local climatic wind conditions. As Knoch (1963) has dealt quite recently with the importance of such a method in *) In the present paper, I use the terms "up-valley winds"
and "valley winds" in their strict meaning. In this region, the "up-valley winds" include the "valley winds", which are produced thermally, and the general "north-west winds", which are modified topographically. smaller in the case of up-valley winds than in that of the Fohn. However, the frequency of the former is much greater than that of the latter.
The occurrence of the valley winds in the morning, the maximum wind velocity in the after noon and the cessation of the valley winds are seen at first on the lower course of the river. They gradually shift to the upper course. According to Nageli (1943) , this time lag was clearly observed on September the llth, 1942, between Roche and Martigny;
i. e. the maximum wind velocity (30 minute mean) with 4.4 m/s between 2 arid 2.30 p.m. at Roche and that with 6.3 m/s between 3.30 and 4 p.m. at Martigny. Climatological data about these phenomena along the middle course of the river are lacking. As a first approach, how ever, we can compare the diurnal changes of the wind velocity in September 1942 and in May 1943 observed at Roche (Nageli 1943) , which are average values of one year, with those at Sierre shown in Fig. 1 , which are the average values of six years. From this comparison the following facts emerge: the onset in the morning and the maximum in the afternoon are 2 hours later and the decrease of wind velocity after the maximum in the late afternoon is 3 hours or more later at Sierre than at Roche.
The frequency of the wind directions at Sion, Montana, Reckingen and St. Gotthard are given in 
III. Method of observation
In the present study, the distribution of the wind-shaped trees is observed as an indicator of local climatic wind conditions. According to the results of the preceding studies, the wind-shaped trees are classified into the following four types (Yoshino 1963) : Type (1): Those whose trunk is vertical but whose branches are bent drastically to the leeward of the tree by prevailing winds during their grow ing period. The conifers and some species of poplar seem to display this type of deformation.
Type
(2): Those whose trunk is vertical, but whose branches are severed by the effects of strong winter winds carrying snow and frozen rain. They are found mostly in the snowy, windy mountainous regions of the temperate zone. As far as the examples reported up to the present are concerned, they are conifers. Type (3): Those whose trunk and branches are both deformed by the prevailing winds during the growing period. This type is found most common ly on deciduous and evergreen broad-leaved trees and conifers in the windy parts of the world. In the case of the relatively weak degree of deforma tion, the trunk and the branches of the tree top are only bent leewards. When the winds are con stantly very strong, they are deformed so as to take a creeping shape.
Type (4): Those whose trunk is inclined, but the shape of whose canopy is almost symmetrical. This type may be caused by the occasional but disastrously strong winds. In the region at present under discussion this type was not found.
In the main survey of the present study, Ty pes (1) and (3) mentioned above were observed as indicators of the wind conditions in the Rhone valley: i. e. I observed the degrees of deformation and the prevailing wind directions shown on the wind-shaped trees. Fig. 2 shows the degrees of deformation that were discerned referring to the results of the stu dies by Walter (1951 ), Weischet (1951 , 1953 , 1955 , Yoshino (1961) and Barsch (1963) The distribution of the wind direction and for ce along the valley that was revealed on the wind shaped trees, is given in Fig. 3 . At this juncture their distribution in the valley bottom is only des along the lower course of the river gradually turn their direction through W. to S.W. along the northern fringe of Martigny and at last they become S. at Fully. Therefore, the calm area mentioned above can be considered as a wind shadow to the up-valley winds from N.W.
In most parts of the valley bottom from Mar tigny to Sierre, except those near the valley slopes, the wind directions are always W.S.W.-S.W.;
i. e. the winds blow corresponding to the direction of the valley. The region of the strongest winds ends, however, in the area between Saxon and Riddes. There is a region with very weak winds east of Sion. Then the winds become more or less strong near Sierre. Between Sierre and Leuk, i. e. at the Pfinwald, the winds are stronger.
After the valley's change of direction to the east, the winds blow strongest near Gampel. Conrad (1936) described the im portance of the glacier winds along the uppermost part of the river. This is because the trees in the valley bottom between Gletsch and Rhone glacier (2268 m.) do not show any deformation.
Thus the horizontal distribution of the wind directions in the valley bottom along the river course in the valley is very interesting. We may distinguish three sections: the up-valley wind re gion from the shore of Lake Leman to Deisch on the upper course of the Rhone, the region of calm between Deisch and Reckingen and the northerly wind region in the uppermost part of the valley under the influence of the upper winds. Region VI^ the northerly winds are strong.
Region VI2; the component of the northerly winds is traceable.
The results according to this division are given in Fig. 4 . The important evidence to be noted is:
(1) Around Martigny the up-valley winds are the strongest and reach highest up the slopes, especially Next, some aspects of the winds conditions in
Regions III and IV are described. In Region III, the winds are by and large weak, but the wind effects are obvious at some exposed places. No observations on the vertical structure of the winds in the Rhone valley are extant. However, it can be supposed that the height of the valley winds in the Rhone valley also reaches the surrounding mountain ridges, 2500 m. or more above sea-level. If this be acceptable, we can infer from the com parison of this height with that of the boundary line between Regions III and IV shown in Fig. 4 , that the height of the valley winds is very much lower on the valley slopes than in the valley bottom.
As has been observed at Innsbruck by Ekhart As has been mentioned above, the wind condi tions in Region IV differ on the S.E. or S.-facing slope from those on the N.W.
or N.-facing slope and they vary from place to place in accordance with the topographical situation. I have reported the interactions between the crossing upper winds and the up-valley winds in a small valley (Yo shino 1957) and the different wind conditions between both valley slopes (Yoshino 1958a and b). Even though they were the ones observed in the small valley, similar phenomena must also exist in a large one like the Rhone valley. The different tendencies of the wind directions between both valley slopes in Region IV can thus be explained in their different situations of the valley slopes relative to the upper winds. This different tendency is also found as the S.W. slope winds on the S.E.-facing slopes and the N.W.-N.
valley winds in the side valley on the N.W.
facing slopes, as shown in the illustration by Bouet (1951) . The role of the topography of the slotpe is an important one especially in a high mountain area as has been observed in the Gurgl valley in Austria (Aulitzky 1961) . The character istic wind conditions in Region IV were, as de scribed above, seen only at exposed situations. On this account, it is thought that they are clearly affected by the topographical situation in Region IV.
The wind velocity in the valley bottom is strongly influenced by its topographical condi tions; the gorges, fans and moraines are the main causes of these conditions. In other words, it can be said that the winds are stronger in the wider, flat valley bottom. This tendency was observed in a small valley in the Sugadaira highland, Japan 
